The chemical composition of the essential oils obtained by hydrodistillation from the aerial parts of the Tunisian Hypericum perforatum and H. ericoides ssp. roberti was elucidated by a combination of GC and GC-MS analyses. The main constituents of the oil of H. perforatum were α-pinene (11.8%), α-ylangene (10.4%), germacrene-D (9.5%), n-octane (6.5%) and α-selinene (5.9%). The oil of H. ericoides ssp. roberti exhibited a higher amount of aliphatic and branched hydrocarbons and the main constituents were n-octane (29.1%), α-pinene (10.9%), pulegone (7.7%) and acetophenone (7%). Both qualitative and quantitative differences were observed between the studied oils. This chemical variability seems likely to result from the genetic variability, since samples of both species were collected at the same location and processed under the same conditions.
Plants of the genus Hypericum have been used as traditional medicinal plants in various parts of the world. Historically, preparations from aerial parts of St. John's wort (H. perforatum) were used to treat mental disorder and nerve pain and as a sedative and antimalarial agent [1] .
In Germany, phytopharmaceuticals containing extracts of H. perforatum are widely used for the management of depressive disorders and are considered as drugs [2] . Recently, the extracts and the essential oil of H. perforatum and other related species have been shown to possess antiviral, wound healing, antioxidant, antimicrobial, antifungal, anxiolytic and anticonvulsant activities [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Among the aforementioned species, H. perforatum is unequivocally the best known, and phytochemical investigations of this species have revealed the presence of naphtodianthrones (hypericin, pseudohypericin and their proto-forms), phloroglucinols (hyperforin and adhyperforin), flavonoids (rutin, hyperoside, quercetin, quercitrin and isoquercitrin), biflavonoids (I3, II8-biapigenin and amentoflavone) and phenolic acids (chlorogenic acid, ferulic acid), as well as volatile oils [9, 17] .
Previous analyses of the volatile oils of H. perforatum have indicated different compositional patterns. For example, plant samples obtained from six locations in France, showed that the main constituents were sesquiterpene hydrocarbons with β-caryophyllene, (E)-β-farnesene and ar-curcumene being the major ones [18] . H. perforatum from Uzbekistan showed that β-caryophyllene, caryophyllene oxide, spathulenol and α-pinene were the major constituents of the oil [19] . Three years later, Petrakis et al. [10] studied the chemical composition of the essential oil of H. perforatum from Greece and found that α-pinene, 2-methyloctane, γ-muurolene and β-caryophyllene were the basic constituents. The Serbian specimen of H. perforatum revealed that 2-methyloctane, α-pinene and spathulenol were the main volatile components [20] . Another study of the same species from the same country reported that α-pinene, germacrene-D, (E)-β-farnesene and spathulenol were the major constituents of the oil [21] . A report from Turkey revealed that the main volatile constituents of H. perforatum were α-pinene, carvacrol, β-selinene and α-selinene [22a] . In general, the chemical composition of the essential oil of H. perforatum appears to be somewhat variable, depending on genetic and environmental factors.
Tunisian Hypericum species have not received much interest. The present study was undertaken in order to provide the first report on the volatile oil constituents of two endangered Hypericum species: H. perforatum and the endemic subspecies H. ericoides ssp. roberti Coss. These data may be useful in taxonomic studies and will extend knowledge of the secondary metabolites of Tunisian native Hypericum species. ) , and other non-terpene substances (3.3%). The main constituents of the essential oil were α-pinene (11.8%), α-ylangene (10.4%), germacrene-D (9.5%) and n-octane (6.5%).
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In the essential oil of H. ericoides ssp. roberti, aliphatic and branched hydrocarbons made up the higher contribution (50%) with n-octane (29.1%) and 2-methyloctane (4.1%) being the main constituents. -Pinene (10.9%) and β-pinene (1.3%) were reported as the major monoterpene hydrocarbons, while germacrene-D (2.8%) was found to be the main sesquiterpene hydrocarbon. When compared with H. perforatum, the essential oil of H. ericoides had a higher proportion of oxygenated compounds, specifically pulegone (7.7%), caryophyllene oxide (2.9%), α-terpineol (1.9%) and methyl eugenol (1.5%). The different compositional patterns of the essential oils of H. ericoides ssp. roberti and H. perforatum seem to be genetically determined since the samples of both species in this study were grown, collected and processed under the same conditions. The chemical composition of the essential oil of H. ericoides ssp. roberti is reported herein for the first time.
Interestingly, the sesquiterpene hydrocarbon β-caryophyllene, reported as the main constituent in the essential oil of H. perforatum from Uzbekistan, France and Greece [10, 18, 19] was completely absent from our samples. Comparison of our data with those in the literature reveals that the composition of the essential oil of H. perforatum from Tunisia was different from the other oils studied (Table 2 ).
In the essential oils obtained from the aerial parts of H. perforatum from other sources, some authors found a dominance of sesquiterpene hydrocarbons [10, 18, 21] . In particular, the main constituents were β-caryophyllene (France and Lithuania) [18, 26] , γ-muurolene (Greece) [10] , germacrene-D, (Z)-β-farnesene (Serbia) [21] and β-selinene (Turkey) [22a] . Another feature of the essential oil of Tunisian H. perforatum is the low percentage of oxygenated compounds. This is in good agreement with the results of Tognolini et al. [27] who found that the [22a]
Uzbekistan β-caryophyllene (11.7%), caryophyllene oxide (6.3%), spathulenol (6%), α-pinene (5%).
[19]
France β-caryophyllene (13.3-28.4%), germacrene-D (6.3-29.1%), spathulenol (0.5-21.5%), caryophyllene oxide (0.5-18.4%).
[18]
Greece α-pinene (20.9%), 2-methyloctane (12.3%), γ-muurolene (6.9%), spathulenol (6.4%), β-caryophyllene (5.8%).
[10]
Italy 2-methyloctane (35.65%), α-pinene (25.64%), 2-methylnonane (7.16%). caryophyllene oxide (4.17%).
[27] Serbia 2-methyloctane (20.5%), α-pinene (13.7%), spathulenol (9.8%). [20] oxygenated monoterpenes accounted for 4.1%, while the oxygenated sesquiterpenes accounted for 1.1% in the essential oil of H. perforatum from Italy. A report from Greece showed that the content of oxygenated mono and sesquiterpenes were 1.8 and 11.1%, respectively [10] .
In a comparative study on the essential oil composition of H. perforatum collected from six locations in southeastern France, Schowb et al. [18] reported that the content of oxygenated monterpenes ranged from traces to 5.6% while the content of oxygenated sesquiterpenes varied from 3.5 to 44.1%. In contrast, the essential oil of Uzbekistanian and Lithuanian H. perforatum were found to be rich in oxygenated compounds, especially oxygenated sesquiterpenes [19, 26] . Irrespective of plant origin, the oxygenated fraction was dominated by caryophyllene oxide and spathulenol [9, [18] [19] [20] 26] . In general, our data confirmed the extremely high variability in the qualitative and quantitative composition of H. perforatum essential oils. 
Extraction of essential oils:
The essential oils were isolated from the air-dried aerial parts (100 g) by conventional hydrodistillation for 3 h. The distillate was extracted twice with n-pentane and dried over anhydrous Na 2 SO 4 . The organic layer was then concentrated, at 35°C using a Vigreux column and stored in sealed amber vials at 0°C until required.
Chromatographic analysis: Analytical gas chromatography was carried out on a Hewlett-Packard 6890 gas chromatograph series II (Agilent Technologies, Palo Alto, Ca, USA) equipped with HP-Innowax and HP-5 (60 m×0.25 mm, 0.25 µm film thickness) capillary columns. Oil samples were injected with a split ratio of 1:60, and a continuous flow rate of 1.6 mL/min of chromatographic grade nitrogen was used. The oven temperature was initially held for 10 min at 35°C, ramped at 3°C/min up to 205°C and held isothermal for 10 min. Injector and FID detector temperatures were held at 250 and 300°C, respectively. The gas chromatography-mass spectrometry (GC-MS) analyses were performed on a gas chromatograph HP 6890 (II) interfaced with a HP 5973 mass spectrometer (Agilent Technologies, Palo Alto, Ca, USA) with electron impact ionization (70 eV). A HP-5MS capillary column (60 m×0.25 mm, 0.25 µm film thickness) was used. The column temperature was programmed to rise from 40 to 280°C at a rate of 5°C/min. The carrier gas was helium with a flow rate of 1.2 mL/min. Scan time and mass range were 1 s and 50-550 m/z, respectively.
The volatile compounds were identified by comparison of their retention indices relative to C 7 -C 20 n-alkanes with those reported in the literature and/or with those of authentic compounds available in our laboratory, and by matching their mass spectral fragmentation patterns with corresponding data (Wiley 275.L library) and other published mass spectra [28c] as well as by comparison of their retention indices with data from the Mass Spectral Library "Terpenoids and Related Constituents of Essential oils" (Dr. Detlev Hochmuth, Scientific consulting, Hamburg, Germany) using the MassFinder 3 software (www.massfinder.com). Relative percentage amounts of the identified compounds were obtained from the electronic integration of the FID peak areas.
